STRUCTURAL TRANSFORMATIONS IN Cu-Cr-Zr СOPPER ALLOY AT THE INITIAL STAGES OF HIGH PRESSURE TORSION DEFORMATION
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It is well known now, that the treatment with the High Pressure Torsion (HPT) increases the strength of materials as a result of the crystalline structure refinement. Simultaneously, intensive deformation may significantly influence the dissolution and precipitation processes in precipitation hardening alloys. These phenomena are very important for the development of advanced ultra-fine grained materials but remain very scarcely studied.

In the present work the influence of the pre-HPT solid solution treatment (SST) temperature and the total HPT strain on the structure and properties of the Cu-1%Cr-0.2%Zr alloy are reported. The material under investigation belongs to high-conductive high-copper precipitation strengthening alloys.

Two initial states of alloy prepared at two SST temperatures T1 and T2=T1+50°C with different degree of dissolution of alloying elements in the copper matrix were prepared. The HPT was carried out on (10mm and 0.8 mm thick samples with pressure 6 GPa and ram speed 1rpm. The structure and properties of samples were tested immediately after the initial pressing and then after 0.1, 0.2, 0.5, 1, 3 and 5 turns. Precipitation particles were identified using the extraction replicas.
The SST forms in the samples a coarse grained structure –the mean grain size was 26 and 34 m at T1 and T2, correspondingly. The mean size of particles was 55 and 45 nm and average distance between them – 350 and 460 nm for T1 and T2, correspondingly. It should be noted, that the optical microscopy revealed also the presence of large, ~0.5 – 1 m, particles in the both states. The microhardness was 750 MPa (T1) and 780MPa (T2).
At the initial stages of HPT dislocation pile-ups and cells separated by dense dislocation walls were observed. The newly formed ~20 nm precipitations might also be seen, while particles formed during the SST were still present in the material. After the first turn the large precipitation particles totally disappeared. When number of turns reached 5, the fragmentation of crystalline structure was at ~100 nm scale. The mean size of the precipitation particles and the average distance between them also decreased: the corresponding values were 26 and 110 nm for T1, and 18 and 106 nm for T2. It worth noting, that the size distribution of the particles was more uniform than in the initial state, particularly there were no large particles. After the HPT treatment the microhardness was 2390 MPa (T1) and 2480 MPa (T2) which is 1.7 times higher than after the standard industrial treatment (1400MPa).

Thus, at the initial stages of HPT deformation the strain-induced decay of solid solution produces small precipitation particles. Simultaneously the dissolution and, probably, mechanical fractioning of remaining larger precipitations take place. These processes are significantly influenced by the initial state of the solid solution.
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